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RESEARCH MEMORANDUM

EFFECT OF DOWNWASH ON THE ESTIMATED ELEVATOR DEFLECTION
REQUIRED FOR TRIM OF THE XS—1 ATRPLANE
AT SUPERSONIC SPEEDS
By James T. Matthews, Jr.

SUMMARY

This report contains the results of an investigation to determine
from linearized theory, which has recently become avellable, the down—
wash at supersonlc speeds at the tall of the XS—1 alrplane and the
effect of the downwash on the elevator deflection required for trim.
The results are presented 1n the form of curves showling the varlation

of downwash angle with angle of attack g'i- and elevator deflection
required for trim plotted agalnst Mach number.

The average value across the span of the horizontal tail (neglecting
the fuselsge) of g‘i- is about 0.5 at a Mach number of 1.1 and decreaascs

rapldly to a value of about 0.08 at a Mach number of 1.4. The value of
g—i-‘ then gradually decreases to O at a Mach number of about 1.9 with
the possibllity of a very slight amount of upwash In the Mach number
range from 1.9 to 2.2. Above a Mach number of 2.2 the Mach cones from

the wing tips are outboard of the tall surfaces and % is the sowme o

1f the tail were in two—dimensional flow G:hat is, %f; =0).

The calculations indicate that lncreasing up-elevator deflection is
required with increasing Mach number (unstable variation) in level flight
between Mach numbers of 1.1 and 1.6. A slight reduction in up-slevator
deflection occurs between Mach numbers of 1.6 and 2.0. Tho slabilizer angle
hes a simllar varilastion, that ls, unstable up to a Mach number of about
1.6 and then becoming slightly stable up to a Mach numbsr of 2.0. The
reduction of downwash with Increasing Mach number 1s nol the main cause
of the increase 1n up-elevator deflection. The maln reasona for this
trend are that the pltching-moment cosfficients due to the wing camber,
the wing 1ift, and the 11ft of the stabilizer are all In a nosc--down
direction, and as the Mach number Ilncreases, these pltching-moment coef-
ficlents apparently decrease less rapldly than the elevaetor effectlveness.
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IRTRODUCTION

Any Information that can.be used to .predict the stabllity and
cantrol changes of an alrplane at supersonic speeds 1s urgently needed
at the present tims, Thls peper pregents the variastion of downwash
with angle of attack at supersonic speeds for the X5-1 airplane. This
variation was obtained by applying severel simplifying assumptions to
Lageretrom's linearized-—theory calculations for the downwash of three—
dimensional 1lifting wings at supersonic speeds. Several curves showing
the estimated varlatlion of elevator deflectlion requlired for trim with
and without the effect of downwash are presented to glve an Indication
of the effect of downwash on the longltudinal stabillty and control of
the alrplane.

- SYMBOLS

angle of attack
aspect ratio
mean aserodynamic chord

11ft cosfficient (L/aS)

pitching-moment coefficlent of the wing-fuselage combination

about 1ts aerodynamic center (%_E
Qs

veriation of downwash with angle of attack

stabllizer incidence, degrees

‘elevator deflection, degrees (measured relative to stabllizer)

tail length (measured. from c.g. of alrplane to hinge line of
elevator)

Maech nmumber
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qa dynamic pressure (é—p‘?’e)

surface ares, sgquare feet

)]

distance froam center of gravity to aserodynsmic center of
wing—fuselage combination (positive for serodynamic
center ahead of c.g.)

Subscripts:

t tall

w wing

e eleveator

ANALYSTS

Calculetlons of the variatlon of downwesh st the taill with angle of
attack were made using referemce 1. Theorstlcal calculatlons based on
the linearlzed theory of supersonlc flow are presented in reference 1
Por the downwash at supersonic gpeeds of trapezoldal wings and rectangular
wings. Since no calculatlons were pregented for a tapered wing similar
to the wing of the X5—l airplane, e rectangular wing of the seme srxea
and spen was assumed In this Investigatlon.

The data of reference 1 for the trapezoidal wlngs wlth tlips cut off
along the inboard edge of the Mach cones from the wing tip are more
complete than those for the rectangulsr wings. It was found by compearing
the curves of reference 1 for the case in which the tall was In the plane
and infinitely far behind the wing that the downwash was almost i1dentical
for both tyres of wings provided ths span of the trapezoldal wing was
taken slightly larger than the span of the rectanglsr wing. TFor this
reason the more complete data for the trapezoidal wing were used as an
ald in falring the curves used to estlmate the dowmwash at the tail of
the XS—1 airplane.

A three—view drawing ls presented in figure 1 showing the pertinent
dimsnslons and characteristics of the IS-1 airplanse. Flgure 2 presents
+he theoretlcal variation of %i— with Mach pumber. The values of -gT:

Yresented are average values over the semisgpan of the horizontal tail.

It 1s expected thet the actusl downwash at supersonlc speeds wlll be loss
then the theoretical wvalue below =z Mach number of about 1.1 end wlll fair
into the subsonlc values. Above a Mach number of 2.2 the Mach cones from

the wing tlps are outboard of the tall surfaces and 4c 1s the same as
[+
1f the tall were in two—dlmensional flow (tha.t 1s, S}é = o).
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The elevator deflections required for trim were compﬁféd by equating
the pitching moments of the alrplane to zero about its cenber of
gravity (0.25¢) using the following relation:

CmquE + Cya8x — CLutathtz _'CLaeseqstz =0

Figure 3 presents the assumed varlstion with Mach number of the
pltching-moment coefficlent Cmo’ the lift~curve glopes for the wing

and tall T and C s and the elevator effectivenecas CL& . The
e

LCLw T—mt

experimental curves at subsonic speeds were arbltrarlily faired into the
theoretical curves at supersonlc speeds asg shown by the dashed lines.

The experlmental subsonic values were used as an aid in falring the
values near a Mach number of unlty, as 1t 1s generally accepted that the
linearized—supersonic—flow theory 1ig not applicable 1n the low supersonic
range of Mach numbers. The experimental values of Cme and Cy, were

S
obtained from reference 2. The experimental values of GL5 were cobtained

e
from reference 3. The pitching-moment ccefficlent at zero 1ift about the

aerodynamlc center C was calculated from the formula diven in reference L

e
which is based on the linearized theory for two—dimensional flow. The
aupersonlic values of ch were calculated from the following relation:

v, 2

Ci, = —F/———= — :
¢ VM -1 oaVM® ~ 1
The velues of ¢ at supersonic speeds were calculated from reference 5;

Ly _
&
however, these values were found by comparilison with unpublished experimen—
tal data to be about 50 percent too high at all Mach numbers. The values

of CLS used herein were reduced accordingly.
o .

An average subsonic value for the serodynamic center of the wing—
fuselage comblnation of 5 percent of the mean aerocdynmamic chord obtained
from wind—tunnel tests wae shifted rearward to 30 psrcent of the mean
gerodynamic chord for supersonic speeds. The rearward shift of the aero-
dynamic center of the wing alone 1s shown by theory to be somewhat less
than 25 percent of the msan aerodynamic chord. The relative destabilizing
effect of the fuselage decreases at supersonic speeds, however, because
of the disappearance of upwash ahead of thé wing. The value assumed for
the aerodynemic—center locatlon was intended to account for this effect.

L~

-
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More detalled estimation of this quantity was not thought to be Justified
because accurate theoretlcal trestment of & wlng—Ffuselage combination in
supersonic flow is not avallable. The angle of attack of the wing for
zero 1ift was asgumed to be zero. The wing Incidence was teken as 2.5°.
The effect of the 1.0° twlst of the XS—1 wing end the interference of
the wing body were nsglected. The angle of attack of the tail used in
the pitching—moment equation includes a constant 2° downflow. Tt is
believed that this downflow exists because of the flow around the fuselage.
The 2° downflow was found from wind—tunnel date to occur at subsonic
gapeeds, The gem® value hesg been assumed to exlst at supersonic speeds
gince theory indicates that the angle of flow in the reglon of the tail
is very simllar at subsonic and supersonic speeds.

DISCUSSION

Figure L presents two pairs of computed curves of the slevator—
deflection variatlion with Mach number. Ons pair of curves is for level—
flight 11ft coefficlents with and wlthout the effect of downwash and the
other palr of curves ls for a constant 1ift coefficient of 0.27 wilth and
without the effect of downwash. All the computed curves of elevator
deflection are for a stabllizer incidence of 2.2% leading edge up, a
wing loading of 80 pounds per square foot, and a pressure altitude
of 49,000 feet.

The calculetions indicate an unstable variation of elevator deflec—
tion with Mach number (increasing up-elevator deflection 1s required -
with increasing Mach number) in level flight between Mach numbers of 1.1
and 1.6. After a Mach number of sbout 1.6, there is a slight reduction
in the amount of up elevator required up to a Mech nwumber of 2.0, which
is the extent of this Investigatlon. The varlation of stabilizer
incidence for trim (8, = 0.0°) with Mach number is Iresented in figure 5
and Indicates that the varletlon is unstable in the Mach number range :
from about 1.1l to 1.5 and then becomes slightly stable in the Mach number
range from about 1.5 to 2.0. The calculatlons also show that the reduction
in downwash with Increasing Mach number is not the main cause of the -
increase In up-elevator deflectlon. The main reasons for this trend are
that the pltching—moment coefflcients due to the wing camber, the wing lift,
and the 1ift of the stablllzer ars all in a nose—down direction. As the
Mach number lncreases these pltching-moment coefflclents apparently
decrease less rapldly than the slevator effectiveness.

It appears that in level flight at a pressure altitude of 49,000 feet
with & wing loading of 80 pounds per square foot and a stabilizer '
Incidence of 2.2° (1eading edge up) the maximm up elevator of 11.0°
will be reached at & Mach number of sbout 1.6. Ample stabilizer
travel 1s availsble, however, to change the trim so that the elevator
deflectlion may be reduced to zZero at any desired Mach number. Under the
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conditlons stated previously, but by use of a smaller stabllizer incldencs,
it appears that level flight could be mainteined with the elevetor travel
avaellable from a Mach number of 1.3 to 2.0.

Langley Aeronautical Leboratory :
National Advisory Cammittee for Aeromautics
Lengley Field, Va.

REFERENCES

1. Lagerstrom, P. A., and Grgham, Martha E.: Downwash and Sidewash Induced.
by Three—Dimensional Lifting Wings In Supersonic Flow. Rep. No. SM-13007,
Douglas Alrcraft Co., Inc., April 1k, 19LT.

2. Mattson, Axel T., and Loving, Donald L.: Force, Static Longitudinal

Stebility, and Control Chasracteristics of a f—-s—-Scale Model of the

Bell IS—1 Transonic Reséarch Alrplsne at High Mach Numbers.
NACA RM No. I8Al12, 1948.

3. Adems, Richard E., and Silsby, Normen S.: Tests of a Horizontal-Taill
Modsl through the Transonlc Speed Range by the NACA Wing—Flow Method.
NACA RM No. L7C25a, 1947.

i[. Smelt, R.: Note on Longitudinal Stability and Trim Changes at Speeds
near the Speed of Sound. Rep. No. Aero 1911, Britieh R.A.E., 194k,

5. Tucker, Warren A., and Nelson, Robert L.: Theoretical Characteristics
In Superscnic Flow of Constant—Chord Partial-Spen Control Surfaces
on Rectanguler Wings Having Finite Thickness. NACA TN No. 1708, 1g48.



[--—”-4—'1 AR

5.0

_ 'ZB.O »

il A
Wirwg loading : Wing : Horizontal tail: .
Jake-off , lbfsq Tt — = -~ - /03 Area , sgft - —- - /30 Aread, sgft - ---26
Landing,#/sq Ft---551  MAC., Ft ~ =~ -~ 48! Elevator chard % - 20
Cernter of gravity- 25T Aspect vatio~ - - — 6 Aspect rgtio - - - &

Figure 1.- Three-view drawing of the X3-1 airplane with pertinent physical characteristics, All

dimensions in faet,
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Figure 2,- Theoretical variation of the downwash parameter ™ with Mach
o 3
number for the XS~1 airplane.
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Figure 4,- Variation with Mach number of elevator deﬂectic;n required for trim. Stabilizer incidence 2.2°
leading edge up; pressure altitude, 49,000 feet; wing loading, 80 pounds per square foot.
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Flgure 5,- Varlation with Mach number of stabilizer incidence required for trim in level flight. Elevator
deflection, 0.0°; pressure altitude, 49,000 feet; wing loading, 80 pounds per square foot.
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